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© Solder powder coated with parylenk 



© Solder powders coated with a thin layer of parylene and solder pastes containing the coated solder powders 
are disclosed. The coated solder powders can exhibit a high degree of resistance to oxidation and to reaction 
with the flux contained in the solder paste without substantially interfering with the reflow characteristics of the 
solder. 
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Field of the Invention 

The present invention relates to solder powders coated with a protective coating. More specifically, the 
present invention relates to solder powders coated with parylene In order to inh.b.t ox.dat.on of the solder 
powder and reaction of the solder powder with the flux in solder paste without substantially lnh.brt.ng the 
reflow characteristics of the solder. 

Background of the Invention 

In the electronics industry, electrical components such as resistors, capacitors, inductors, transistors, 
integrated circuits, chip carriers and the like, are typically mounted on circuit boards in one of two ways In 
one way. the components are mounted on one side of the board and the leads from the components extend 
through the board and are soldered to the circuit on the opposite side of the board. In the other way. the 
components are mounted and soldered on the same side as the circuit, i.e. surface-mounted. 

Solder paste is commonly used for surface-mounted soldering of electrical components to circuit 
boards. Solder paste Is useful because it can be applied to selected areas of the circuit board and can be 
readily adapted to automation. Its tacky characteristic provides the capability of holdmg the electrical 
components in position without additional adhesives before forming the permanent bonds by soldering. 

Solder paste typically comprises a solder powder, a resinous component such as rosin, activators such 
as organic acids or amines, thixotropic agents and solvents. The solder paste Is typically coated on the 
circuit board by means of screen printing, dispensing, transfer printing and the like. Thereafter the electrteal 
components are placed on the circuit board and the solder paste is reflowed. The term "reflow , as used 
herein, means heating the solder sufficiently to cause it to melt and thereafter cooling the solder suthc.ently 

t0 C One 'problem^n 'the industry associated with the use of solder paste is that it often has a short and 
unpredictable shelf life. e.g.. typically from about one month to six months The unpr^lctabll^ln shelf Me 
is caused, at least in part, by variations in the lag time from when the solder powder is made to the tome .t 
is mixed with fiux to form solder paste, thereby resulting in variations in the degree of ox.dat.on on the 
solder powder. Such oxidized powder does not reflow as well as unoxidized powder and tendsjo 
aoalomerate and form solder balls. Furthermore, when the solder powder is combined wrth flux, which .s 
corrosive, the solder powder often reacts wrth the flux, thereby further oxidizing the powder and reduc ng 
the acidity of the flux. As a result, the solder paste often becomes less effective with time. Moreover the 
reaction between the solder powder and the flux typically causes the viscosity of the solder paste to 
increase substantially, which can make printing of the solder paste difficult or impossible. 

Attempts have been made to reduce the reaction rate between the solder powder and the flux and 
thereby increase the shelf life of the solder paste, by storing the solder paste under refrigeration cond.tlc.ns 
However, refrigeration is not effective to compensate for the varying degrees of oxidation on the solder 
powder prior to its incorporation into the solder paste. 

It has also been proposed to coat the solder powder with materials that are non-reactive with the solder 
paste. For example. U.S. Patent No.4,994.326. issued February 19. 1991. discloses at column 4. lines 44 to 

5 ° : The coating agents to be used are insoluble or hardly soluble in a vehicle for solder pastes to be 
described later, and may include those based on silicone and fluorine such as. for instance, silicone oils, 
silicone base high-molecular compounds, fluorinated silicone oils, fluorosilicone resins and fluorlnated 
hydrocarbon base high-molecular compounds. „ . . . . r 

The patent also discloses a relatively large amount of coating material which is applied to the solder 
powder. For instance, at column 5, lines 44 to 47, it is stated: 

When a carbon-containing compound is used as the coating agent, a quantitative analysis value for 
carbon is preferably 30 to 70 mol%. 

According to the above-referenced patent, the relatively large amount of coating material may be 
effective to inhibit oxidation of the solder powder. However, in general, large amounts of coating material 
are undesirable since they can create a barrier which can inhibit the reflow of the solder. Moreover, such 
larqe amounts of coating material may cause physical obstructions and/or impurities which result in poor 
reflow characteristics. In general, poor reflow characteristics are evidenced by the formation of solder balls 
; and by the inadequate wetting of the substrate by the flux which can cause poor spreading of the solder 
and a discontinuous solder connection. 

In addition the above-referenced patent discloses the use of fluorinated hydrocarbons which are used 
as solvents in coating the solder powder. Currently, fluorinated hydrocarbons are considered to be an 
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environmental pollutant and the use thereof is generally undesirable. 

In view of the problems described above, Improved coatings for solder powders are desired which can 
inhibit oxidation without substantially inhibiting the reflow characteristics of the solder. In addition coated 
solder powders which do not require the use of fluorinated hydrocarbons as solvents to apply the'coatina 
materials to the solder powders are desired. 

SUMMARY OF THE INVENTION 

By the present invention, solder powders coated with parylene are provided which can inhibit oxidation 
of the solder powder without substantially inhibiting the reflow characteristics of the solder. In addition the 
coated solder powders of the present invention do not require the use of fluorinated hydrocarbons as 
solvents to apply the coating material to the solder powder. 

DETAILED DESCRIPTION OF THE INVENTION 

Quite surprisingly, it has been found that parylene is an excellent coating material for solder powders 
due to its ability to form extremely thin conformal coatings. Parylene is a generic term often used to 
describe a class of poly-p-xyxylenes which are derived from a dimer of the structure- 




CX 2 



CX2 



so where X is typically hydrogen or a halogen. 

Various forms of parylene are commercially available for example, from Union Carbide Corporation, 
Danbury, CT. The following structures represent some commercially available parylene dimers. 



CH2 




CH 2 : CH 2 



[2.2]paracyclophane 
"Parylene N" 
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dichloro-[2.2]paracydophane 
"Parylene C" 
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CH2 





CH2 CH2 

tetrachloro-[2.2]paracydophane 
"Parylene D" 



CH2 
CH2 



CH2 



CH2-CH3 




CH2-CH3 



CH2 



diethyl-[2.2]paracydophane 
"Parylene E" 

It Is noted that the particular locations of the chlorine atoms shown with reference to Parylene C : and 
Parylene D have not been conciusively identified. Thus, one or more of the chlorine atoms may be located 
oTtCucteus of the benzene ring. Furthermore, it is to be understood that some .somers and homologs of 

thS 'prXe'dfoTms" oi^leTaSthose which me.t below the melting point of the particular solder alloy 
use i n 2 ^sode7 powdTwhen common tin-lead solder alloys are used. e.g.. 63 weight % tin 37 
% lead Parylene E is a preferred form of parylene for use in accordance with the present i^ento 
hLIuse it melts below the melting point of the solder, i.e.. about 1 80 'C. Those skilled in the art will 
resize ^^Cany foTm of parylenl (including forms not specifically disclosed herein) or combinat,ons 
ZZSTcXL appropriately selected to correspond to the melting point of the particular solder alloy in 
question. 
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In accordance with the present invention, parylene is applied to the solder powder by a vapor 
deposition process, known as the "parylene process", wherein the parylene monomer is condensed and 
polymerized directly on the article to be coated. Since the parylene monomer is not stable, the parylene 
dinners, as illustrated above, are used as the starting material. The parylene process begins with the 
vaporization of the parylene dimer. The dimer is pyrolytically cleaved at temperatures of about 400 to 
750 -C to form a reactive parylene monomer vapor. Thereafter, the reactive monomer vapor is transferred 
to a deposition chamber wherein the substrates are located. Within the deposition chamber, the reactive 
monomer vapor condenses upon the substrates to form the parylene polymer or co-polymer film For 
coating small articles, e.g., solder powder, it is preferred to place the articles in a rotatable tumbler mounted 
inside the deposition chamber. 

Any monomer vapor which fails to condense within the deposition chamber is subsequently removed 
usually by a cold trap which is maintained at cryogenic temperatures. 

The entire parylene process is generally carried out in a closed system under constant negative 
pressure. Such closed system may incorporate separate chambers for the (a) vaporization, (b) pyrolysis 
and (c) deposition steps of the process, with such chambers being connected by way of appropriate 
plumbing or tubular connections. w^imo 

Specific details concerning the parylene process and apparatus for carrying out the process are known 
by those skilled in the art. 

The particular type of solder used in accordance with the present invention is not critical. Typically the 
solders will be comprised of at least two of the following metals: tin, lead, silver, bismuth, indium, antimony, 
and cadmium. Tin-lead solder alloys are commonly used in concentration ranges from about 50 to 70 
weight percent tin and about 30 to 50 weight percent lead. Tin-silver solder alloys and lead-silver solder 
alloys compnsing about 1 to 5 weight percent silver with the balance comprising tin. lead or mixtures 
thereof are not uncommon. 

Solder powder suitable for use in accordance with the present invention can be prepared by 
conventional means, e.g.. melting and atomizing the solder to form solder powder. Due to the ability of 
parylene to conform to varied geometric shapes, both amorphous and spherical solder powder particles are 
suitable for use in accordance with the present invention. The particle size of the solder particles is not 
critical to the present invention. Typically, the particle size will be less than 100 mesh. Fine powders will 
often have an average particle size of from about 20 to 44 microns, i.e., will pass through a 325 mesh 
screen. Coarse powders will often have an average particle size of from about 37 to 74 microns, i.e 200 to 
400 mesh. Occasionally, the average particle size of the solder powder will be less than about 20 microns 
sometimes less than about 10 microns or even less than about 1 micron, i.e.. about 0.1 to 1.0 micron" 
Preferably, the average particle size of the solder powder ranges from about 0.1 to 74 microns. The term 
average part.de size", as used herein, means that less than 2 weight percent of the particles will be larger 
than the specified size and less than 5 weight percent of the particles will be smaller than the specified 
^'SLl^ . 95 corres P° nd to me U.S. Standard Sieve Series and Tyler Equivalents. Table 21-12 

CHEMICAL ENGINEERS HANDBOOK, Perry and Chilton, 5th Edition, McGraw Hill Book Company 

In accordance with the present invention parylene is applied to the solder powder in an amount 
effective to inhibit oxidation. It has been found that as little as 0.001 wt. percent is effective to inhibit 
oxidation It has also been found that at such low coating levels a portion of any individual solder particle 
may not be coated. When the coated solder powder of the present invention is used in a solder paste it is 
preferred that the effective amount does not substantially inhibit the reflow characteristics of the solder In 
general, good reflow characteristics are evidenced by solder which coalesces on reflow and does not form 
an excessive amount of solder balls. Good reflow characteristics are also evidenced by flux which causes 
adequate wetting to provide continuous spreading of the solder and continuity of the solder joints 
Preferably, the effective amount of parylene coating is less than about 0.5 weight percent based on the total 

3, I t °° o 8d S °u der P ° Wder - M ° re P re,erab, y' the oated solder powder will contain from about 
0.001 to about 0.2 weight percent parylene based on the total weight of the coated solder powder Even 
more preferably, the coated solder powder will contain from about 0.005 to about 0.05 weight percent 
parylene and most preferably from about 0.005 to about 0.025 weight percent parylene based on the total . 
weight of the coated solder powder. 

The coated solder powders of the present invention are suitable for use in solder pastes which can be 
prepared by combining the coated solder powder with a flux. Typically, the flux will comprise at least one of 
the following ingredients: a rosin such as gum rosin, wood rosin, or tall oil rosin; derivatives of rosins such 
as d.menzed resin, saponified resin or rosin derived ester resin (also known as "ester gum"); an activator 

a ° d ' f ' 9 " analiphatic acid ' mineral acid <» ar °™tic acid; or an amine e.g.. an aliphatic amine, 
or a hal.de salt of an amine; and a solvent such as an alcohol, glycol, ester, ketone, aromatic solvent and 
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the like The solder paste of the present invention may also contain other ingredients such as. for example 

about I to 15 weight percent of an activator. e.g., adiplc acid and one or more alkanolamines. (Percentages 
hadAri on the total weight of fiux without solder powder.) ^i^r 
The coTted soWer powder is preferably combined with the flux in order to evenly disperse the soWer 
12? iS^lJTaQ bv mixing Typically, the solder powder will be combined with the flux to torn a 
^Jlo^mt^Tslo 20 weight percent flux, often about 10 weight percent flux with the 
KceTe^g S Sed solr powder. Techniques for combining solder powders wtth flux to form solder 

^S^^l^^^ a good indication of the pr.ntabi.lty of the .pjj* HJh 
vtscSes can Sel printing difficulties. Typically, the viscosity of thesolder pastes made wi h the coated 
solder powder of the present invention is less than about 1.5 x 10* centipoise < cp ) at 25 C. One 
solder powoer or x * viscosity is with a Brookfield® Model RVDT viscometer with a TF spindle 

S^^C^S^S range from about 80,000 to about 1J ^ ? ™" C ° mm ° n 
ranaesTor vLosity are 300,000 to 400.000 cp; 600.000 to 900.000 cp; and 1.0 x 10* to 1.3 x 1* cp. 

Quite surprisingly, it has been found that solder pastes made with the coated solder powder of he 
oresen fLention can retain their viscosity without any substantial increase, i.e.. typically less then a tarty 
nlrcent ncmase often less then a twenty percent increase, over long periods of time on a consent basis 
ZThJ^ Z f batch "his is believed to be due to the uniformity of the parylene conformal coating. As a 
St ^sSae^pSes n^e w^eToated solder powder of the present invention wii. typicaily have a shelf 

life greater than 6 months, often greater than 1 year. lmAaA t „ i, mlt , h « seorie of 

The following examples are provided for illustrative purposes and are not intended to limit the scope of 

the claims which follow. 

Example I - Coating of Solder Particles 

" A vapor deposition apparatus with a tumbler mounted horizontally within the deposition^ ^Llu 
used to coat solder powder with various amounts of Parylene E. The tumbler was set to otete at about 50 
to 60 revo^tions per minute. Solder powder alloy (63 weight percent tin. 37 weight percent lead in the 
ItahtTSted ielow in Table 1 was placed in the tumbler. The deposition chamber was evacuated to a 
oressSe Sve. ofaboul 10 to 15 millitorr. Parylene E. in the weights listed below in Table 1. was placed m 
Z ^ vaTorzer section of the apparatus and heated to about 150'C The pyro.yis -^^TST^ 
Thnut B90-C The heat input to the vaporizer section was maintained at a level sufficient to allow the 
Sslnfin J depSuion chamber to increase to about 40 to 50 millitorr. This pressure .evel was 
Za ned until the supply of Parylene E dimer was exhausted. It was estimated that about 50 to 80 w^ght 
JUSTS the par^lene^eposited on the solder powder and the balance deposited on the walls of the 
tumbler, i.e., the coating efficiency was about 50 to 80 percent. 
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Sample No. 


Powder Weight (grams) 


Parylene E Dimer (grams) 


Wt % Parylene E 
( at 50% coating efficiency) 




1-1 


1042 


2.084 


0.100 




1-2 


1344 


1.344 


0.050 




1-3 


1344 


1.008 


0.038 




1-4 


1344 


0.672 


0.025 


70 


1-5 


1344 


0.4032 


0.015 




1-6 


1344 


0.2688 


.010 




1-7 


1344 


0.1344 


.005 



75 



Example II - Formulation of Solder Pastes 



Coated solder powders similar to those described in Example 1 are combined with flux to form solder 
pastes. The compositions of the solder pastes are listed in Table 2 below. Quite surprisingly, the coated 
2Q solder powders have resistance to oxidation and reaction with the flux In the pastes despite the small 
fraction of parylene coating material applied. Moreover, the reflow characteristics of the solder pastes are 
not adversely affected by the presence of the small fraction of parylene coating material. All of the flux 
ingredients are readily commercially available. 
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TABLE n 

Paste 1 

Ingredient Weight Percent 

Coated Solder Powder 
Dimerized Resin 
Laurie Add 
Triethanolamine 
2-methyl-l-butanol 
Hydrogenated Castor Oil 



90.0 
3.5 
1.0 
0.5 
4.5 
0.5 



Pasted 
Ingredient 

Coated Solder Powder 
Polyethylene Glycol 
2-methyl-l-butanol 
Betaine hydrochloride 
Ethyl cellulose 
Hydrochloric acid 

Paste 3 

Ingredient 

Coated Solder Powder 
Rosin Derived Ester Resin 
Terpineol 
2-methyl-l-butanol 
Laurie Acid 
Monoethanolamine 
Hydrogenated Castor Oil 



vypjfrht Percent 



90.0 
4.0 
4.8 
0.5 
0.5 
0.2 



Wpiflht Percent 

90.0 
4.0 
2.0 
2.0 
0.5 
0.5 
1.0 



Claims 
1. A 



a mated solder powder comprising solder particles coated with parylene in an amount of less than 
about 0 5 wefght P^ent parylene Led on the total weight of the coated solder powder and effeefve 
to inhibit oxidation of the solder particles. 

2 A coated solder powder according to claim 1 wherein the effective amount of parylene Is from about 
0.001 to about 0.2 weight percent based on the total weight of the coated solder powder. 

3 A coated solder powder according to claim 1 wherein the amount of parylene is effective to inhibit 
icSSn of the solder particles without substantially inhibiting the reflow character.st.es of the solder 
during reflow of a solder paste containing the coated solder powder. 
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4. A coated solder powder according to claim 1 wherein the parylene coating is polymerized from a dimer 
having the following structure: 



CH2 CH 2 





CH 2 CH 2 



5. A coated solder powder according to claim 1 wherein the solder particles have an average particle size 
of less than about 100 mesh. 

6. A coated solder powder according to claim 1 wherein the solder particles have an average particle size 
of from about 0.1 to 74 microns. 

7. A solder paste comprising flux and the coated solder powder of any one of claims 1 to 6. 

8. A solder paste according to claim 7 comprising from about 5 to 20 weight percent flux and from about 
80 to 95 weight percent coated solder powder. 

9. A solder paste according to claim 7 wherein the flux comprises at least one ingredient selected from a 
rosin, a solvent, an activator, a rheological control agent and a thickener. 
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